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© Laser compatible jet ventilation tube. 

© The jet ventilation tube (10) includes a flexible 
conduit (12) with a flexible monitoring line, a 
centering portion (20) for centering the tube in a 
trachea and a flexible reinforcement member 
(52) for the conduit The conduit is formed of 
combustion resistant plastic material and the 
noncombustible reinforcement member is in 
the form of a straight or coiled wire. The straight 
wire reinforcement can be located outside the 
conduit, whereas the coiled wire reinforcement 
can be located inside or outside the conduit 
The integrity of the conduit is maintained by the 
reinforcement member and helps prevent 
break-up of the conduit in the event of a laser 
strike. A centering portion of the jet tube can be 
reinforced with wire, formed as a segmented 
structure or as a spirally expanded extension of 
the reinforcing coil. 
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BACKGROUND OF THE INVENTION 

This invention is directed to medical devices used 
during laser surgery and more particularly to an elon- 
gated endotracheal jet ventilation tube that, upon be- 5 
ing impacted by a laser beam, will not support com- 
bustion and will remain substantially integral. 

Jet ventilation is a method of enabling a patient 
to breathe during surgery by forcing anesthetic gases 
through a tube of relatively small diameter. Two w 
known methods of jet ventilation include supraglottis 
jet ventilation and subglottic jet ventilation. Supraglot- 
tic jet ventilation is performed with a relatively small 
diameter tube attached to a laryngoscope. A distal 
end of the ventilation tube is sized to reach just above 1 5 
the vocal fold. Because the path to the vocal fold is 
relatively short and direct, the supraglottic jet ventila- 
tion tube need not be flexible and can be formed of a 
rigid biocompatible material such as stainless steel. 

For subglottic jet ventilation, the tube must be of 20 
sufficient length to extend past the vocal fold, prefer- 
ably into the trachea. Therefore, in subglottic jet ven- 
tilation it is advantageous for the tube to be easily 
flexed to conform to the curvature of a patient's air- 
way. Since an airway conforming jet ventilation tube 25 
is needed for subglottic jet ventilation, the material of 
choice is usually flexible plastic such as polyvinyl- 
chloride (PVC) or silicone. 

Unfortunately, PVC or silicone tubes can com- 
bust if struck by a laser beam. Thus there is general 30 
reluctance to use laser surgery with subglottic jet ven- 
tilation, especially if the surgical area is proximate to 
the ventilation tube. Consequently, the prospect of 
ventilation tube combustion in an operative field of 
anesthetic gases containing increased levels of oxy- 35 
gen or other combustion supportive gases has result- 
ed in limited use of subglottic jet ventilation during las- 
er surgery. 

It is thus desirable to provide a subglottic jet ven- 
tilation tube that is sufficiently flexible to conform to 40 
a patient's airway and will not support combustion 
upon impact with a laser beam. Since a laser strike 
can also break apart a ventilation tube, it is also de- 
sirable to provide a subglottic jet ventilation tube that 
remains substantially integral upon impact by a laser 45 
beam. 

OBJECTS AND SUMMARY OF THE INVENTION 

Among the several objects of the preferred em- 50 
bodiments of the invention may be noted the provi- 
sion of a novel jet ventilation tube, a novel subglottic 
jet ventilation tube that is formed of a material which 
resists combustion upon impact by a laser beam, a 
novel subglottic jet ventilation tube that resists com- 55 
bustion and is flexible enough to conform to a pa- 
tient's airway during installation of the tube, a novel 
subglottic jet ventilation tube that remains substantial- 



ly integral upon impact by a laser beam, and a novel 
method of preventing laser induced combustion and 
breakup of a subglottic jet ventilation tube upon im- 
pact by a laser beam. 

Other objects and features of the preferred em- 
bodiments of the invention will be in part apparent and 
in part pointed out hereinafter. 

In accordance with the invention, a laser compat- 
ible jet ventilation tube comprises: 

a) a flexible elongated conduit formed of a com- 
bustion resistant plastics material having a prox- 
imal end portion and a distal end portion, 

b) a flexible, elongated noncombustible rein- 
forcement member joined to said conduit for a 
predetermined length of said conduit to enable 
said conduit to resist separation into separate 
pieces upon impact to said predetermined length 
of conduit by a laser beam, and 

c) centering means for centering the distal end of 
said conduit in a trachea. 

In several embodiments of the invention the rein- 
forcement member is in the form of an elongated wire 
encased in combustion resistant plastic material pro- 
vided at an exterior surface of the conduit The rein- 
forcing wire can be located between the conduit and 
a gas monitoring line joined to the conduit to monitor 
gas levels during surgery. 

In other embodiments of the invention the rein- 
forcement member is in the form of a coil of noncom- 
bustible material such as metal. The reinforcing coil 
can be provided at the inside or outside of the conduit. 

In instances where the coil is inside the conduit, 
the monitor line can also be inside the conduit. In in- 
stances where the coil is outside the conduit the mon- 
itor line can be inside or outside the coil. 

The flexibility of the conduit and the reinforcing 
member, whether it is straight wire or coil, and the 
flexibility of the monitor line enable the jet tube to be 
flexed during installation to conform with the curva- 
ture of a patient's airway. When the distal end of the 
jet tube is directed into the trachea the centering 
means contact the side walls of the trachea to hold 
the jet tube in a stable position in the airway. Should 
a laser beam strike the jet tube, the components 
thereof will not support combustion and the reinforc- 
ing member will maintain the integrity of the jet tube. 
Thus the reinforcing member helps assure that the jet 
tube will not break into separate independent parts as 
a result of a laser strike because of the continuity of 
the reinforcing member along the vulnerable extent of 
the jet tube. 

If desired, the distal end centering means can be 
similarly reinforced with noncombustible material 
such as metal similar to that used in the coil. In addi- 
tion, the centering means can be formed as a seg- 
mented structure connected to the conduit at several 
places. Thus if a laser beam strikes the centering 
member and severs one or more but not all of t he seg- 
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merited portions, there is no separation of the conduit 
from the centering means. The centering member is 
thus maintained integral with the conduit despite a 
laser strike. 

In another aspect the invention provides a meth- 
od of preventing laser induced combustion and break 
up of a ventilation tube by a laser strike comprising: 

a) forming the ventilation tube using a conduit of 
a combustion resistant flexible plastic material 
that can be conformed to a patient's airway dur- 
ing installation of the tube, 

b) providing a flexible, noncombustible metallic 
reinforcement for the conduit that can be con- 
formed to a patient's airway during installation of 
the tube, 

c) joining a monitoring line to the conduit to mon- 
itor gas levels during surgery and forming the 
monitoring line of a flexible combustion resistant 
material that can be conformed to a patient" s air- 
way during installation of the ventilation tube, and 

d) fixing the location of the conduit in a trachea 
by centering and contacting the distal end of the 
jet tube against the inside wall of the trachea. 
The invention accordingly comprises by way of 

example only the constructions and method herein- 
after described with reference to the drawings, the 
scope of the invention being as defined in the claims. 

DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, 
FIG. 1 is a simplified schematic view of a subglot- 
tic jet ventilation tube, incorporating one embodi- 
ment of the invention, in an installed position in a 
patient's airway; 

FIG. 2 is a simplified perspective view thereof; 
FIG. 3 is a sectional view taken on the line 3-3 of 
FIG. 2; 

FIGS. 4-6 are sectional views of other embodi- 
ments of the invention; 

FIG. 7 is a fragmentary perspective view of an- 
other embodiment of the invention; 
FIG. 8 is a sectional view taken on the line 7-7 of 
FIG. 8; 

FIG. 9 is a sectional view of another embodiment 
of the invention; 

FIG. 10 is a simplified fragmentary perspective 
view of still another embodiment of the invention; 
FIG. 11 is a perspective view thereof with the dis- 
tal portion in an extended position; 
FIG. 12 is a fragmentary perspective view of an- 
other embodiment of the invention; 
FIG. 1 3 is a perspective view of a further embodi- 
ment of the invention; and, 
FIG. 14 is a fragmentary side view thereof, partly 
shown in section. 

Corresponding reference characters indicate 
corresponding parts throughout the several views of 



the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

5 A laser compatible jet ventilation tube, or jet tube, 

incorporating one embodiment of the invention is gen- 
erally indicated by the reference number 10 in Figs. 
1 and 2. 

Referring to Fig. 2, the jet tube 10 comprises a 

w flexible elongated conduit 12 of generally circular 
cross section with an inner passage 14 (Fig. 3), a 
proximal end portion 16 and a distal end portion 18. 
Preferably the conduit 12 is formed of a combustion 
resistant plastic material such as polytetraf luoroethy- 

15 lene, also sold under the trademark Teflon®. 

The conduit 12, which can be formed by extru- 
sion, by molding or by any other suitable known form- 
ing method, has a wall thickness in the range of .010 
to .016 inches, and a diameter in the range of .080 

20 to .100 inches. The overall length of the conduit 12 
can be approximately 12 inches. 

A centering member 20 is provided at the distal 
end portion 18 of the conduit 12 for centering the con- 
duit 1 2 in a trachea 22 (Fig. 1). The centering member 

25 20 is also preferably formed of polyte traf I uo methy- 
lene and includes a hub portion 24 that tightly re- 
ceives the distal end portion 18 of the conduit 12. A 
Teflon® sleeve (not shown) can be shrunk-fitted 
around the hub 24 to overlap the distal end portion 

30 18 of the conduit 12. 

Centering fingers 26, 28, 30 and 32 radially pro- 
ject from the hub portion 24 and are spaced approx- 
imately 90 apart. The distance between opposite free 
ends of the fingers 26, 28, 30 and 32 is approximately 

35 1 % inches. An axial opening 36 (Fig. 2) is provided at 
the center of the centering fingers 26, 28, 30 and 32 
in alignment with the inner passage 14 of the conduit 
12. If desired, the centering member 20 can be after- 
molded onto the distal end 18 of the conduit 12. 

40 A female luer fitting 38 of known construction is 

provided at the proximal end 16 of the conduit 12 for 
detachable securement to a known anesthesia sup- 
ply apparatus (not shown). 

Agas monitoring device 40 for monitoring the lev- 

45 el of carbon dioxide at the trachea 22 includes a mon- 
itoring line 42 integrally formed with the conduit 12. 
The monitoring line 42 is joined to the conduit 12 by 
a bridging section 44 shown most clearly in Fig. 3. A 
distal end 46 of the monitoring line 42 is spaced a pre- 

so determined amount such as one inch from the center- 
ing fingers 26, 28, 30 and 32. A proximal end portion 
48 of the monitoring line 42 includes a known female 
luer fitting 50 for detachable securement to a known 
gas analyzer section (not shown) of the monitoring 

55 device 40. The proximal end portion 48 is freely mov- 
able with respect to the conduit 12 to facilitate secure- 
ment of the luer fitting 50 to the gas analyzer section. 
A flexible elongated reinforcement member 52 
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(Figs. 2 and 3) joined to the conduit 12 includes a wire 
54, preferably formed of steel, encased in an elongat- 
ed Teflon® jacket 56. The jacket 56 is preferably 
formed integrally with the conduit 1 2 and molded onto 
the wire 54. 5 

The reinforcement member 52 has a distal end 58 
(Fig. 2) at the centering fingers 26, 28, 30 and 32, and 
extends the full length of the conduit 1 2 to a proximal 
end 60. 

In using the jet ventilation tube 10, the luer fitting 10 
38 is connected to anesthesia equipment (not shown) 
and the luer fitting 50 is connected to the gas analyzer 
section (not shown) of the gas monitoring device 40. 
The centering fingers 26, 28, 30 and 32 of the center- 
ing member 20, which are flexible, can deflect in a 1 5 
proximal direction toward the axis 62 of the conduit 12 
as shown in Fig. 1. The distal end portion 18 is direct- 
ed through a patient's mouth 62, larynx 64, and into 
the trachea 22 along a curvilinear path that is char- 
acteristic of a typical airway. 20 

A vocal cord indicator reference band 70 which 
can be a suitable known marking or coloring is provid- 
ed on the conduit 12 a predetermined distance from 
the distal end portion 18 to facilitate installation of the 
distal end 18 to a desired depth in the trachea 22. 25 

As will be seen from Fig. 1, the jet tube 10 is 
curved to conform to the airway of a patient and is 
structured to easily flex for convenient installation and 
removal. 

The reinforcement member 52 is of a predeter- 30 
mined length to extend along a predetermined por- 
tion of the conduit 12 that is in the striking range of a 
laser beam used during laser surgery. If a laser beam 
strikes a portion of the conduit 12 in the airway path, 
the combustion resistant conduit material will not sup- 35 
port combustion. However since a laser beam can 
sever or cause breakage of the conduit 12, the rein- 
forcement member 52 operates to maintain a line of 
connection between any portions of the conduit that 
might otherwise separate or break because of a laser 40 
strike. 

If the jet tube 10 is damaged because of a laser 
strike, the conduit 12 can be easily withdrawn from 
the airway and interchanged with a replacement jet 
tube 10. The centering fingers 26, 28, 30 and 32 of the 45 
centering member 20 are sufficiently flexible toward 
or away from the axis 62 of the conduit 12 to permit 
relatively easy installation and removal as desired. 

Another embodiment of the jet ventilation tube is 
generally indicated by the reference number 80 in Fig. so 
4. A reinforcement member 82 of the jet ventilation 
tube 80 differs from the reinforcement member 52 by 
provision of a wire 84 similar to the wire 54 between 
two spaced junction walls 86 and 88 that join the mon- 
itoring line 42 to the conduit 12. The jet ventilation 55 
tube 80 is otherwise identical in structure and opera- 
tion to the jet ventilation tube 10. 

Another embodiment of the jet ventilation tube is 



generally indicated by the reference number 90 in Fig. 
5. A reinforcement device 92 of the jet ventilation tube 
90 includes a pair of axial ly elongated spaced resilient 
wing-like latch members 94 and 96 projecting radially 
from the conduit 12 for engagement with similar ax- 
iaily elongated spaced wing-like latch members 98 
and 100 projecting radially from the monitoring line 
42. A bridging section 102 similar to the bridging sec- 
tion 44 of the jet tube 10 in Fig. 3, joins the monitoring 
line 42 to the conduit 12. A reinforcement wire 104 is 
disposed in a space 1 06 between the bridging section 
102 and the engagable latching members 98 and 100. 
The jet tube 90 is otherwise structurally and opera- 
tionally similar to the jet tube 10. 

A jet ventilation tube incorporating a further em- 
bodiment of the invention is generally indicated by the 
reference number 110 in Fig. 6. The jet tube 110 in- 
cludes a conduit 112 formed of Teflon® which con- 
tains a gas monitoring line 116 provided on top of a 
main jet line 118 which is in the form of a wire coil. 
Thus the axis 120 of the monitoring line 116 and the 
axis 122 of the coil 118 are spaced from each other. 
The conduit 112 is preferably heat shrunk to tightly 
embrace the monitoring line 116 and the coil 118. The 
monitor line 116 is thus sandwiched between the wire 
coil 118 and the conduit 112. 

The coil 118 extends substantially the full length 
of the conduit 112 and has a nominal inside diameter 
of approximately .080 to .100 inches. The coil 118 is 
preferably formed of stainless steel or copper wire, 
with a wire diameter of approximately .022 inches and 
approximately 45 coils per inch. 

A distal end (not shown) of the coil 118 is spirally 
expanded in the manner shown at reference number 
230 in Fig. 12 to form a centering member for center- 
ing the distal end of the conduit 112 in a trachea. Thus 
at the distal end of the jet tube 110 the monitoring line 
116 is foreshortened and the conduit 112 surrounds 
the coil 118 in the mannershown at reference number 
232 in Fig. 12. 

The proximal end (not shown) of the conduit 112 
can be capped in any suitable known manner, the cap 
being provided in a known manner with two known 
luer fittings (not shown). One fitting communicates 
with the monitor line 116 and the other fitting commu- 
nicates with the main jet line 118. The fittings are 
adapted to connect to a known anesthesia apparatus 
(not shown) and a known gas monitoring device (not 
shown). 

The coil 1 1 8 which is disposed along substantially 
the full length of the conduit 112 functions as the main 
anesthesia line member for the conduit 112. The coil 
118 enables the jet tube 110 to resist breakage if 
struck by a laser beam since the coil is continuous 
within the conduit 112. The coil 118 thus maintains 
the integrity of the conduit 11 2 if a laser beam strikes 
the jet tube 110 during surgery. 

A further embodiment of the jet ventilation tube is 
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generally indicated by the reference number 130 in 
Figs. 7 and 8. The jet tube 130 comprises a flexible 
elongated condu it 1 32 of generally circular cross sec- 
tion with an inner passage 134 (Fig. 8). The conduit 
1 32 includes a proximal end portion (not shown) sin> 5 
ilar to the proximal end portion 16 of the jet tube 10. 
A distal end portion 136 (Fig. 7) of the conduit 132 is 
provided with a centering member 140 having a hub 
portion 142 and radially projecting centering fingers 
144, 146, 148 and 150. 10 

A reinforcement member 1 52 in the form of a coil 
is provided in the passageway 134 of the conduit 132 
and extends from the proximal end (not shown) of the 
conduit 132 to the centering fingers 144, 146, 148 and 
1 50. The reinforcement coil 1 52 does not have a spir- 1 5 
ally expanded distal end but is otherwise similar to 
the reinforcement coil 118 of the jet tube 110 (Fig. 6). 

As most clearly shown in Fig. 8, J-shaped wires 
154 are provided at each of the centering fingers 144, 
146, 148 and 150 to reinforce the fingers, and are pre- 20 
ferably joined in any suitable known manner to the 
distal end 156 of the coil 152. If desired, the plastic 
portion of the centering member 140 can be after- 
molded onto the J-shaped wires 154 and the distal 
end 136 of the conduit 132. Thus the centering fin- 25 
gers144, 146, 148and 150 encapsulate the J-shaped 
wires 1 54, and the hub portion 142 is molded onto the 
distal end 156 of the spring 1 52 as well as the distal 
end 136 of the conduit 132. 

A gas monitoring device 160 similar to the gas 30 
monitoring device 40 is formed on the conduit 132 
and both the conduit 132 and the monitoring line 42 
can be molded onto the coil 152. The coil 152 thus 
maintains the integrity of the conduit 132 in the event 
of a laser strike during surgery. In addition, the J- 35 
shaped wires 154 maintain the integrity of the center- 
ing fingers 144, 146, 148 and 150 in the event of a las- 
er strike. Thus the combination of the coil 152 and the 
J-shaped wires 154 help prevent significant parts of 
the jet tube 130 from breaking away from each other 40 
by preventing severance of the centering fingers 144- 
150 and preventing severance of the conduit 132 in 
the event of a laser strike. The jet ventilation tube 130 
is installed and used in a manner similar to that pre- 
viously described for the jet ventilation tube 10. 45 

A further embodiment of the jet ventilation tube is 
generally indicated by the reference number 170 in 
Fig. 9. The jet tube 170 includes a conduit 172 of gen- 
erally circular cross section. An elongated partition 
piece 174 is formed in the conduit 172 to divide the so 
internal passageway into noncommunicable passage 
sections 176 and 178. The passage section 176 is 
used in a manner similar to that of the monitoring line 
42 of the jet tube 10 and the passage section 178 
functions in a manner similar to that of the passage 55 
14 of the jet tube 10. 

It should be noted that the monitoring passage 
176 is foreshortened at the distal end (not shown) 



such that the gas passage section 178 extends be- 
yond the monitoring line passage section 176 by ap- 
proximately one inch. A proximal end (not shown) of 
the conduit 172 is capped and provided with separate 
connections to anesthesia apparatus and a gas mon- 
itoring device in a manner similar to that described for 
the jet tube 110 of Fig. 6. 

A reinforcement coil 180 surrounds the conduit 
172, extending to the distal end (not shown) of said 
conduit The coil 180 can be spirally enlarged in the 
manner indicated at reference number 230 of Fig. 1 2 
to form a centering member for centering the distal 
end of the conduit 172 in a trachea. The coil 180 can 
be slipped onto the conduit 1 72 or the conduit 1 72 can 
be molded in place inside the coil 180. In either case, 
the coil 180 maintains the integrity of the conduit 172 
in the event of a laser strike to the conduit during sur- 
gery. The coil 180 is structured to permit the jet tube 
1 70 to conform to a patient's airway for convenient in- 
stallation and removal. 

Still another embodiment of the jet tube is gener- 
ally indicated by the reference number 190 in Figs. 10 
and 11. The jet tube 190 includes a conduit 192 gen- 
erally circular in cross section. A centering member 
196 is formed at a distal end 194 of the conduit 192 
as an extension of the conduit 192. The centering 
member 196 is segmented and includes a terminal 
piece 198 and four radially spaced segments 200, 
202, 204 and 206 of predetermined axial length and 
radial extent, extending from the terminal 198 to the 
distal end 194 of the conduit 192. 

Each of the segments 200, 202, 204 and 206 in- 
clude a preformed bend portion 208 (Fig. 10) which 
normally urges the segments 200, 202, 204 and 206 
to bend in a direction radially away from the axis 210 
of the conduit 192. 

A reinforcement member which has been omitted 
for purposes of clarity, can be either the elongated 
wire reinforcement member 52 of the jet tube 10, the 
internal coil 152 of the jet tube 130, or the external coil 
180 of the jet tube 170. 

In using the jet tube 190, a flexible stylet 214 is 
inserted into the proximal end (not shown) of the con- 
duit 192 to bear against the terminal piece 198 and 
straighten the segments 200, 202, 204 and 206 as 
shown in Fig. 11. The jet tube 190 and the stylet 214 
are then installed in a patient's airway in a manner 
similar to that shown in Fig. 1. The flexibility of the 
conduit 192 and the stylet 214 permits conformity of 
the jet tube 190 with the patient's airway. When the 
distal end 1 94 of the jet tube 1 90 is located in the tra- 
chea, the stylet 214 is retracted from the proximal end 
(not shown) of the conduit 192 and removed to enable 
the segments 200, 202, 204 and 206 to assume their 
normally bent position and thus bear against the 
sides of the trachea. The conduit 192 is thus stabil- 
ized in the trachea. 

Although not shown, the proximal end of the jet 
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tube 190 is similar to that of the jet tube 10 and the 
luer fitting provided on the conduit 192 can be re- 
moved during installation and removal of the stylet 
214 from the conduit. 

The jet tube 190 is used in a manner similar to 
that previously described for other embodiments of 
this invention. Whichever reinforcement is used with 
the jet tube 190, the integrity of the conduit 192 is 
maintained as described for previous embodiments. 

Although no reinforcement is provided at the seg- 
mented centering member 196, there is little likeli- 
hood that any portion thereof, even if broken due to 
a strike by a laser, can be separated from the jet tube. 
For example, if one of the segments 200-206 is sev- 
ered or otherwise broken, the end portions remain 
connected to either the terminal piece 198 and the 
distal end 194 of the conduit 192. Furthermore, it is 
unlikely that all four segments 200, 202, 204 and 206 
of the centering portion 196 would break simultane- 
ously due to a laser strike because of the narrow 
scope of the laser beam. 

Still another embodiment of the jet ventilation 
tube is generally indicated by the reference number 
220 in Fig. 12. The jet ventilation tube 220 includes a 
conduit 222 similar to the conduit 12 with a monitoring 
line 224 similar to the monitoring line 42 of the jet tube 
10. A reinforcement member 226 comprising a coil 
~228 similarto the coil 152 of the jet tube 130 is located 
inside the conduit 222. A distal end 230 of the coil 228 
projects from the distal end 232 of the conduit 222 
and is formed as a spirally expanded centering por- 
tion. A free end 234 of the centering portion 230 is 
bent toward the conduit axis 236 to avoid contact with 
other surfaces. The centering portion 230 is disposed 
in a trachea to center the jet tube 220 therein. The re- 
inforcement coil 228 can be inserted in a preformed 
conduit 222 or the conduit 222 can be formed on the 
coil 228. 

The proximal end (not shown) of the jet tube 220 
is similar to the proximal end of the jet tube 10, and 
the jet tube 220 is used in the same fashion as the jet 
tube 10. 

Still another embodiment of the jet ventilation 
tube is generally indicated by the reference number 
240 in Figs. 13 and 14. The jet tube 240 includes a 
conduit 242 having a monitoring line 244. The conduit 
242 and the monitoring line 244 are similar to the cor- 
responding structures 12 and 42 of the jet tube 10. 

A centering member 246 includes a hub 248 en- 
gaged with a distal end 250 of the conduit 242. The 
centering member 246 further includes a terminal 
portion 252 in the form of a hollow frustum of a cone. 
The tapered contour of the terminal portion 252 of the 
centering member 246 facilitates insertion of the cen- 
tering member 246 into a trachea. A plurality of radi- 
ally spaced segments 254, 256, 258 and 260 of pre- 
determined axial length and radial extent extend 
from the terminal portion 252 to the hub 248. The seg- 



ments include a preformed bend portion 262 to bias 
the segments 254, 256, 258 and 260 radially away 
from the axis 264 of the conduit 242 as shown in Fig. 
14. 

5 A reinforcement member 268 in t he form of a coil 

is disposed within the conduit 242 and extends from 
a proximal end (not shown) to the distal end 250. An 
outer reinforcing necklace coil 270 encircles the hub 
248 and a portion of the distal end 250 of the conduit 

10 242. A strand 272 of the necklace coil 270 passes be- 
tween the segments 254 and 256 for connection to 
the inner reinforcement coil 268. Alternatively, the 
strand 272 can extend axially within the conduit 242 
toward the proximal end of the conduit, as indicated 

15 at 274 in Fig. 13. If desired, a Teflon® sleeve 276 can 
be shrunk-fitted around the external necklace coils 
270. 

Although not shown, the proximal end of the 
monitoring line 244 and the proximal end of the con- 

20 duit 242 are similar to the corresponding structure in 
the jet tube 10. 

In using the jet tube 240, the conduit 242 is con- 
formed to the curvature of a patient's airway with the 
centering member 246 disposed in the trachea. Dur- 

25 ing insertion of the centering member 246 in the tra- 
chea, the segments 254, 256, 258 and 260 are con- 
verged toward the axis 264 while passing through the 
larynx to the trachea. When the centering member 
246 is located in the trachea, the segments 254, 256, 

30 258 and 260 expand outwardly against the trachea 
wall to stabilize the distal end of the jet tube 240 in the 
trachea. 

The jet tube 240 is used in a manner similar to 
that described forthe jet tube 10. The integrity of the 

35 jet tube 240 is maintained by the inner reinforcement 
coil 268. Any breakage or separation of a segment 
254-260 by a laser strike of any one segment will not 
cause separation of the centering member 246 from 
the conduit 242 since the remaining segments remain 

40 conjoined with the conduit 242 and the terminal end 
252. 

Some advantages of the described embodiments 
of the present invention evident from the foregoing 
description include a jet ventilation tube that is com- 

45 bustion resistant if struck by a laser. The flexible com- 
bustion resistant reinforcement facilitates subglottic 
insertion of the ventilation tube and easy conformity 
of such tube to a patient's airway. The flexibility of the 
jet tube permits convenient installation and removal 

so from a patient's airway and permits the favored sub- 
glottic use of a ventilation tube to provide a more ef- 
ficient distribution of anesthesia to a patient's trachea 
than is otherwise obtainable with supraglottic jet ven- 
tilation tubes. 

55 The combustion resistance of the jet ventilation 
tube and the capability of maintaining the integrity of 
the jet ventilation tube structure even when a laser 
strike occurs help assure safe and convenient use of 
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a subglottic jet ventilation tube during laser surgery. 

A further advantage is the assurance of stability 
of the jet ventilation tube in the trachea by use of a 
centering member having projecting fingers that can 
be reinforced with noncombustible wire, or a center- 5 
ing member having segments connected at opposite 
ends to the conduit and a terminal piece. An expand- 
ed spiral shaped centering piece formed of noncom- 
bustible material is another option to help assure sta- 
bility and integrity of the centering portion of the jet 10 
ventilation tube in the trachea. 

In view of the above, it will be seen that the sev- 
eral objects of the invention are achieved and other 
advantageous results attained. 

As various changes can be made in the above 15 
constructions and method without departing from the 
scope of the invention, it is intended that all matter 
contained in the above description or shown in the ac- 
companying drawings shall be interpreted as illustra- 
tive and not in a limiting sense. In particular, features 20 
described in the context of one embodiment may be 
added to compatible features of other embodiments, 
or substituted for equivalent features of other embodi- 
ments. 



els during surgery. 

6. The subglottic jet ventilation device as claimed in 
claim 5 wherein said conduit has an outside sur- 
face, said monitor line being joined to the outside 
surface of said conduit, and said wire being dis- 
posed between said monitor line and said con- 
duit 

7. The subglottic jet ventilation device as claimed in 
claim 6 wherein said monitor line and said conduit 
include separable interengagable portions which 
form a closure between said monitoring line and 
said conduit, said wire being disposed in said clo- 
sure. 

8. The subglottic jet ventilation device as claimed in 
claim 6 wherein two spaced junction walls join 
said monitor line to said conduit and said wire is 
disposed in the space between said junction 
walls. 

9. The subglottic jet ventilation device as claimed in 
claim 5 wherein said monitor line is provided with- 
in the interior of said conduit 



Claims 

1. A subglottic jet ventilation device comprising, 

a) a flexible, elongated conduit formed of a 30 
combustion resistant plastics material having 

a proximal end portion and a distal end por- 
tion, 

b) a flexible, elongated noncombustible rein- 
forcement member joined to said conduit for a 35 
predetermined length of said conduit to en- 
able said conduit to resist separation into sep- 
arate pieces upon impact to said predeter- 
mined length of conduit by a laser beam, and 

c) centering means for centering the distal 40 
end of said conduit in a trachea. 

2. The subglottic jet ventilation device as claimed in 
claim 1 wherein said reinforcement member com- 
prises a wire. 45 

3. The subglottic jet ventilation device as claimed in 
claim 2 wherein said wire is embedded in said 
conduit. 

50 

4. The subglottic jet ventilation device as claimed in 
claim 2 wherein said conduit has an outside sur- 
face and said wire is joined to said conduit at said 
outside surface. 

55 

5. The subglottic jet ventilation device as claimed in 
claim 2 further including an elongated monitor 
line joined to said conduit for monitoring gas lev- 



10. The subglottic jet ventilation device as claimed in 
claim 1 or Claim 2 or Claim 5, wherein said non- 
combustible reinforcement member includes a 
flexible, noncombustible coil substantially con- 
centric with said conduit and in contact with said 
conduit. 

11. The subglottic jet ventilation device as claimed in 
claim 10 wherein said coil surrounds said con- 
duit 

12. The subglottic jet ventilation device as claimed in 
claim 10 wherein said coil is inside said conduit. 

13. The subglottic jet ventilation device as claimed in 
claim 10 wherein said coil has a distal end in the 
form of a spiral, at the distal end of said conduit. 

14. The subglottic jet ventilation device as claimed in 
claim 10 wherein said centering means includes 
a terminal piece and a plurality of radially spaced 
segments of predetermined axial length and ra- 
dial extent extending from said terminal piece to 
the distal end of said conduit 

1 5. The subglottic jet ventilation device as claimed in 
claim 14 wherein said centering means has four 
radially spaced segments. 

16. The subglottic jet ventilation device as claimed in 
claim 14 wherein said terminal piece is a disk- 
shaped member and said segments join the per- 
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iphery of said disk-shaped member. 

17. The subglottic jet ventilation device as claimed in 
claim 14 wherein said terminal piece is annular. 

5 

1 8. The subglottic jet ventilation device as claimed in 
claim 17 wherein said annular terminal piece has 
a tapered periphery. 

19. The subglottic jet ventilation device as claimed in 10 
claim 14 wherein said segments are normally 
bent at a predetermined bend portion between 

said terminal piece and the distal end of said con- 
duit such that the bent portions of said segments 
normally project radially away from the axis of 15 
said conduit. 

20. The subglottic jet ventilation device as claimed In 
claim 1 wherein said centering means includes a 
plurality of leg portions extending radially away 20 
from the axis of said conduit 

21. The subglottic jet ventilation device as claimed in 
claim 20 wherein each of said leg portions has a 
wire reinforcement. 25 

22. The subglottic jet ventilation device as claimed in 
claim 21 wherein said reinforcement member in- 
cludes a noncombustible cod concentric with said 
conduit and in contact with said conduit and con- 30 
nected to said wire reinforcements. 

23. The subglottic jet ventilation device as claimed in 
claim 1 further including an elongated monitor 

line for monitoring gas levels during surgery and 35 
said reinforcement member includes a noncom- 
bustible coil, said monitor line and said noncom- 
bustible coil being inside said conduit, the axis of 
said coil and the axis of said monitor line being 
axially spaced from each other such that said 40 
conduit embraces predetermined peripheral sur- 
face portions of said coil and said monitor line. 



45 
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